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Oescripti n 

This invention relates to a magnetic recording medium according to the preamble of claim 1. 
wfuinar/ reccrGing meets in "iQyicuv . eus*. >-.. . a > - ^ > • -^y 3< - ---- - • ' * w * 

5 examole a flexible polymeric film (a polyester film, etc.) having several um to several tens of um in 
thickness, and formed on its surface, a magnetic recording layer, several um to several tens of Mm in 
thickness, of a dispersion of a ferromagnetic powder such as Y-Pe 2 0j, Co-doped v-FejOj, CrO, or Fe 
• dispersed in an organic binder. 

As one improvement in the magnetic recording technique, it is desired to increase the density of 
,o recording for each predetermined area. The limit of the recording density in. magnetic memory elements 
used in recording devices such as discs, drums and tapes is determined by the ratio of the demagnetizing 
field to coercive force. The strength of the demagnetizing field has to do with the. saturation magnetization 
and thickness of a recording medium. In order to achieve a tolerable level of the signal-to-noise ratio, it is • 
necessary to obtain a thin recording layer capable of producing a sufficient output signal. Such a level is 
, 5 . easier to achieve as the squareness ratio and the saturation magnetic flux density-of the B-H curve or the 
recording medium become higher. 

It is an object of this invention therefore to provide a magnetic recording medium including a thin 
recording layer having a high coercive force, a high residual magnetic moment and a hysteresis loop with a 
qood squareness ratio or a magnetic recording medium having a thin metallic recording layer which has a 
low noise leveland a high signal-to-noise ratio during data reading and particularly shows a low noise level 
during playback in high-density recording.. . 

Recently there have been proposed high-density magnetic recording media produced oy forming a 
thin metallic layer as a magnetic recording layer on a non-magnetic support by a vacuum depositing or 
dating method such as vacuum evaporation or .sputtering without using a binder. For example, a 
cobalt-deposited tape is disclosed in Japanese Laid-Open Patent Publication No. 14701 and a 
perpendicularly magnetized film composed of Co-Cr alloy is disclosed in Japanese La.d-Open Patent 
Publication No 134706/1977. Metallic films formed by- such film-forming means as vacuum evaporation, 
sputtering or ion plating have a thickness of not more than 1.5. urn and exhibit performances equivalent to 
those of conventional coated recording media having a magnetic layer thickness of more than 3 um. 

It is thought that magnetic properties such as a coercive force H e and the squareness ratio of a 
hysteresis loop do not appreciably depend on the surface condition of the non-magnetic support used. As 
an embodiment of this thought, U.S. Patent No. 3,787,327 discloses a multilayer structure of Co-Cr obtained 
bv vacuum evaporation. This structure, however, has the defect that since it has a th.n metallic film, the 
surface condition (surface unevenness) of the non-magnetic support appears directly as the unevenness of 
35 the magnetic film and the unevenness becomes the cause of noises. 

From US— A— 4,202,927 a magnetic recording medium ts known, the base film of which has a surface 
roughness of 0,1 5 um, which is not good with respect to the noise level. DE-A-2 923 1 52, which concerns 
a magnetic audio-recording tape, discloses that if a finely divided ferromagnetic alloy powder is used as 
magnetic material, a modulation noise can be decreased. The surface roughness of the support surface on 
which the magnetic coating layer is formed, should not exceed 0,1 um. This audio-recording tape^ should 
have its magnetic recording characteristics in a frequency range.of kHz, while excellent magnetic recording 
ScteristL with a high frequency of 1. MHz or 5 MHz are required in the field of video ( tape reco^ng 
mediums of the present invention. This known audio-recording tape has no ^^X^Z^^ 
statements are made as to the density of the surface protrus.ons. Further US-A-4.138J86 teaches to 
select the maximum surface roughness in a range of 0.02 to 0.05 um. preferably 0.05 to ^0,35 um u In th* 
case binary particles, polyester particles (average size in a range from 1.0 to 3.0 um) and inert p.gments 
KrSSJffSi 1ol um) are used for the material. Finally OE-A-3 034 241 describes , a polyester 
film for magnetic recording tapes, in connection with which a lubncat.on agent is used hav.ng a particle 

size of 1,14 to 2,0 um. These particles are rather coarse. ■ 

From the viewpoint of noises, the surface of the non-magnetic support is desirably as smooth i s 
possible. But if the surface of the film is too smooth; its slippability will be reduced and I th > bloclang 
Phenomenon will occur. Hence, in view of the handling of the film such as wmd.ng ?r unwinding, the 
Surface of. the base film should be slightty rough. Thus, the surface of a support .. nqu, ,r.d to b sm oth 
from the viewpoint of electromagnetic converting charactensttcs and be rough from the standpoint of the 
handling and running characteristics. of the resulting recording medium. Mmnr i K ir, a a 

* It is another object of this invention therefore to provide a magnetic recording medium comprismg a 
non-magnetic support, which simultaneously has these two inconsistent properties. 

According to tte invention this object is achieved by the features in the charactenzing part f claim 1. 
. . The requirements (1) to (4) are measured and determined by the following methods. 

50 (1> S one ^e^urface roughness and is deterged ^'ff^^S^SS^A 
0601 by means f a needle p inter-type. surface roughness «ster Surfcom 3B an ''"«~JT" n u ^ e under 
" T kyo Seimitsusha Co., Ltd.). The testeris allowed to draw a chart, f a ^surface 7, u n ^"^ s ( f U 2 ^ns 
„ a load of 0.07 g with a needle tip radius- f 2 um. A portion having a measured length L (0.25 mm; 
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removed in the direction of the center line of the curve. The roughness curve is expressed by Y=f(X) 
wherein the X axis is the center line of the removed portion and the Y axis is in a direction perpendicular to 
the.X axis. R CI _» (urn) is calculated from the following equation. 

1 L 

Let T be f =— / f(x)dx. 
Lo 

Then. Rcl>=— / ;f(x)-fldx 
Lo 

The measurement is made by using 8 samples. The three largest measured values are excluded, and 
the average of the five measured .values is calculated and defined as CIA. 



(5 



(2) Peak-to-valley (PV) value . 

The PV value is another measure of surface roughness, and measured by the following method, 
A surface-roughened film is measured by the aforesaid needle point-type surraca rougnness tester, 
and its film roughness curve is determined under a load of 0.19 g using a needle with a radius of 2 urn and 
,„ recorded on a chart with a magnification of 50 times along the base line on the rilm and 50.000 times 
perpendicularly to the plane of the film. From the profile roughness curve obtained by this measurement, a 
nortion corresponding to a measured length of the film (standard length 26 mm) .s sampled. In this portion 
■ of the profile roughness curve, the largest distance between a peak and an adjacent valley is measured The 
measured distance is divided by the magnification in a direction perpendicular to the plane of the f. m (i.e., 
25 S00001 and the quotient is expressed in microns. The average of 10 replicates measured andTBIdUlated in . 
the same manner as above as defined as the PV value. 



(3) and (4) number of protrusions 

Aluminum is uniformly deposited on the surface of a sample film by vacuum evaporat.on to a 
thickness of 40 to 50 nm. Collodion is bonded to the other surface of the film, and dried. By using a 
microscope of the visible, monochromatic multiple interference reflecting type (Model Jena 336242 made 
bv Carl Zeiss Jena Company), 100 arbitrarily selected sites of the film are photographed on a scale or 100x. 
The number of protrusions in the photographs having a height of 0.27 to 0.54 urn (to be referred to 
hereinafter as the number of 0.27-^3.54 urn protrusions) and the number o protrusions having a height 
larger than 0.54 urn (to be referred to as the number of >0.54 urn protrusions) are counted. These numbers 
are converted to values per mm*. The field of vision of one photograph is 0.155 mm 

All conventional known methods for forming thin magnetic films can be used in this invention. 
Preferred techniques are vacuum evaporation, ion plating, sputtering and electroless plating. 

According to the vacuum evaporation method, a metal in a tungsten boat or an aluminous hearth is 
evaporated under a vacuum of 1.33x10"* to 10" 4 Pa by resistance heating, high-frequency heating, 
electron beam heating, etc to deposit the vapor of the metal onto the support. Fe, Ni, Co and alloys of these 
are usually employed as the metal. The present invention can also use a reactive evaporating method 
which involves evaporating Fe in an oxygen atmosphere to obtain an iron oxide film. The . n plating 
method comprises producing a DC glow discharge or an Rf glow discharge .n an atmosphere composed 
Sy of an inert gas under 1.33x10" to 1.33x10"' Pa, thereby to evaporate the metal in the d.scharge 
UsuaHy, Ar is used as the inert gas. According to the sputtering method, a glow d.scharge is produced .n an 
aYmosbhere composed mainly of Ar under 0.133 to 13.3 Pa and atoms are ejected from the surface of a 
^t7teS?£t of the resulting Ar ions. Glow discharge may be produced by a ^ double-pole or 
triple-pole sputtering method and a high-frequency sputtering method. A magnetron spunering method 
utilizing magnetron discharging can also be used. The electroless plating method give a Co-P or Co-N.-P 

Pl *™eMess of the thin magnetic film should be sufficient to P roduca .J n . 0 o u ^l* ig " a '^ n ^ 

^^^Vi^JS^t audio and video ^JS^^S 
. . formed by evaporation (heat evaporation, electron beam evaporation, etc.). ^""9 f° m t ta 7su C h « 
sputtering, high-frequency sputtering, etc.). etc In the evaporatton process, a f erro-magnenc -"l« al s " cl ? " 
. CoTdeoosited obliquely in a continuous manner on a non-magnetic onented polyethylene erephtha a e 
^SSSSSSSid, of easy magnetization is developed in the horizontal <^ n "J Te 

nrocflss is reneated 8v this process, crystal magnetic anisotropy and shape can be developed in me 

o 02 to about 0 5 urn (20 to 500 nml. In the f rmati n f a thin magnetic film f r PCM o ' "? x ' D ' e 
fiJ JapaSe of performirTg high" ensity digital recording, the generated demagnetizing field can be inhibited by 
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including a suitable amount (10 to 20%) of Cr in Co and thus the axis of easy magnetization can be 
developed in the perpendicular direction, of the non-magnetic oriented polyethylene terephthalate. 
Usually, a Co-Cr alloy having a thickness of 0.2 to 1 .5 um is used in the sputtering method. In this case, 

0 tfiifl fl i iTl .Gi o rTiS^ficIiC "-ua CCtwc 3 .;* 3 p. — -3 — - ...i.e..—* y * oycliw 

permeability, such as permaailoy (Fe-Ni) or a superalloy may be disposed between the non-magnetic 
oriented polyethylene terephthalate support and the magnetic recording layer having, an axis of easy 
magnetization in the perpendicular direction. The material having a high magnetic permeability as a 
magnetic flux converging material is formed by sputtering. It is a thin film layer having a thickness of 0.1 to 

1 um (100 to 1000 nm) and a low coercive force (not more than 50 oersteds). At this time, the magnetic 
recording layer is preferably formed in a Co— Cr film thickness of 0.2 to 1.5 um (200 to 1500 nm). 

The thin metallic film formed by such evaporation or sputtering has a small thickness which is 1.5 um 
at the largest, and the surface condition of the non-magnetic oriented polyethylene terephthalate support 
directly appears as the unevenness of the magnetic film, thus causing noises. From the standpoint of 
noises, therefore the non-magnetic oriented polyethylene terephthalate support preferably has a smooth 
surface A. A magnetic recording medium having a thin metallic recording layeron a polyethylene film 
support meeting the surface property requirements (1) to (4) has a drastically reduced noise level. This 
effect is especially outstanding when the support surface has a CIA of not more than 0.004 um. There is no 
particular lower limit to CLA but usually it is about 0.003 um. Preferably the surface A of the film is free 
from protrusions having a height larger than 0.27 um. 

In order to obtain a film having the above-defined surface properties, there can be employed a method 
which comprises preparing a film from a polymer containing an inert inorganic compound or an insoluble 
catalyst residue, or a method which comprises subjecting a film ordinarily prepared to a mechanical or 
chemical surface roughening treatment. A polyethylene terephthalate film having an optically flat surface- 
as described hereinafter is the most preferred support for use in this invention. ^ 
25 The inert inorganic compound includes substances which are insoluble in, and inert to, thermoplastic 
resins. Examples include MgO, ZnO, MgC0„ CaC0 3 , CaS0 4 , BaS0 4 , Al 2 0„ Si0 2 , TiO a , kaolin, pottery stone, 
diatomaceous earth, aluminosilicates and the hydrates thereof, calcium terephthalate, carbon black, and 
calcium phosphate. * 

The -desired surface properties can be obtained by properly combining the particle size and amount of 
-r 0 . the inert compound to be added, and the film-forming conditions. The desired particle size can be obtained 
by various methods which can be practiced by those skilled in the art including the pulverizing and mixing 
of additives. For example, in the calcium carbonate, a slurry of it in ethylene glycol is classified by a 
classifying device (P-660 Super Decanter, made by Tomoe Kogyo Co., Ltd.). In the case of calcium 
terephthalate, it is formed into agglomerated particlesof a suitable size by applying loads such as shearing, 
35 compression and impact, and then classified. In the case of calcium phosphate, an aqueous slurry of 
calcium phosphate is prepared P and the dispersed calcium phosphate is pulverized in a sand mill. The 
particle size of the calcium phosphate in the slurry can be reduced to the desired value by repeating the 
pulverizing operation a suitable number of times. 

The amount of the inert inorganic compound depends upon its particle size distribution and cannot be 
40 generalized. Usually, however, the suitable amount is from 0.01 to 1% by weight. 

The preferred range of the particle size distribution of the inert inorganic compound is as follows: 

Particle size (d ( um) Proportion (%) 



10 



15 



20 



45 



d>1.5 0 
1.5Sd>0.5 0—5 
0.5£d>0.2 20—50 

50 . 0.25d 45—80 

The ratio Qf the particle sizes of the inert inorganic compound can be calculated as follows: 
By using the Stake's equation, the sedimentation times corresponding to various partide sizes are 
calculated, and the ranges of the sedimentation times corresponding to the respective particle size ranges 
55 ace determined. 

. . 18n,h 

T= : 

G{p 9 -p,)xd a 

TV the sedimentation (sec) 
so n: th viscosity of a medium {g/cm.sec=poises$ 

h: the sedimentation distance (cm) 

G: the acceleration of gravity (980 cm/sec 2 ) * 

p fr : th density of the inert inorganic compound (g/cm J ) 

p 0 ; r th density of the medium (g/cm 3 ) 
ffi d: the particle diameter of the inert in rganic c mpound (cm) 
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Then by using a centrifugal sedimentation-type particle size distribution device (CP-50 made by 
Shimadzu Seisakusho Co. Ltd.). the weight of the sedimented inert inorganic compound within the range or 
the oreciDitation time, and the percentage of the measured weight based on its total we.gnt is calculated. 

The insoluble catalyst res.oue can oe formeo in tne polyester oy comoming su.tao.e amounts or an 
ester-interchange catalyst and a stabilizer. A film from a polyester containing a controlled amount of the 
"so uble catalyst residue has formed on its surface a controlled amount of raisings and depressions. 
A pol^thylene terephthalate film having an optically flat surface is prepared, for example as follows: 
The starting polyethylene terephthalate resin is obtained by subjecting a lower alky! ester of a 
dicarboxvlic acid comprising tereohthalic acid as a main component and a glycol comprising ethylene 
alvcol as a main component to an ester-interchange reaction using a compound or at least one metal 
selec el from Mn. Zn, Ca and Mg as a catalyst and a glycol solution containing a specified phospnorus. 
compound as a stabilizer, and polycondensing the resulting product. The glycol solution descnoed aooye .s 
a soS on , of the phosphorus comoound obtained by heat-treating a tridower alkyl) phosphate methylene 
alycol This solution should satisfy the amount of potassium hydrox.de expressed by tne following 
formula, which is required until the P H of the solution reaches 9.5 when ,t is titrated with potass.um 
hydroxide. 

[PI 

O.53S- SO. 71 (D 

[KOHl 

wherein (PI is the amount (moles) of phosphorus in. the glycol solution titrated, and (KOH| is the amount 

• (m0 When the'h^atng X^'SSS £ prep" of the stabilizer fai.s outside the range of 1 30 to 
180'C ther is a SnderSJSward the formation of many protrusions derived from the catalysues.due in 
heresuW^ 

e^ar m such or after including a suitable amount of the inert inorgan.c compound having a controMed 
pardcl s.S dls? bution. is melt extruded at a resin temperature of 260 to 320'C for a res.oence .time of 2 to 
20 minute (in the extruder to form an unstretched film having an intrinsic viscosity (nj of 0.35 to 1,0. The 
fflnEa the ^ tretche? o 2^ to 5.0 times its original dimension in the longitudinal or transverse direction at a 

compTn'd^ 

^S^lS^to^u**" a starting material for polyethylene terephthalate. The time of add ng 
^SSSmSS containing Mn, Zn, Ca'or Mg may be any point of time before the -mphm nof *. 
^r^Mchanw reaction. Usually, it is added before or immediately after the beginning of the reason 
4S ^SlS^-StSfi a phosphorus compound as a stabilizer. Le 

obtained by heat-treating the tridower alkyl) phosphate in '^•*^W*°^ a lZZ££ 
Preferably after the ester-interchange reaction has beer, substantially of tha tn( '° Wer 

S Su2?"bncant..ayer may be formed by methods known ^^^^ B ^^2S?3 
an aqueous or solvent solution containing a lubncant a polymeria b'"«r and a '"""""^ J d tnen 
optionally, an ultraviolet absorber, an antistatic agent. ^^"^^^^^^^ 
dryingthecoatedfilm-Examples fthe lubncant are ^ l y^^^"*^^^n.iirL and 
lubricants such as Teflon® or polyethylene, and W* JVf f .prized polyethylene 

SJ portions, i.e. fine creases, and exhibits excellent runnab.l.ty and abras. n res.stance. 
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In one embodiment of this invention, the oriented polyethylene terephtharate film as a support is 
produced by laminating a film providing the surface A and a film providing the surface B by a co-extrusion 
method, and biaxially str tching the resulting laminated film either successively or simultaneously. The 
biaxially stretched laminated film has a total thickness of 3 to 100 um, preferably 5 to 50 urn, although its 
thickness may vary depending upon the intended use. There is no particular restriction on the proportion of 
the thickness of the film providing the surface A based on the total thickness of the laminated film, but it 
may be between 50 to 90%. 

In another preferred embodiment of this invention, care is taken to minimize the dust content of the 
atmosphere to which the polyethylene terephthalate film is exposed in the step of forming an oriented 
polyethylene terephthalate film support and processing steps such as slitting. Preferably, the atmosphere 
should be rated as class 10,000, especially class 100, according to the clean room scale. The "clean room 
scale" is in accordance with United States Standards 209b. The number showing a class indicates the 
number of fine-particles having a diameter of at least 0.5 \im contained per cubic foot of air. For example, 
class 100 means that the number of fine particles is not more than 100 per cubic foot of air. Likewise, class 
10,000 means that the number of such fine particles is not more than 10,000. 

Even when the atmosphere has such a clean room scale, dust in the air may be attracted to the film 
surface by static charge generated during winding, or cut dusts ofthe film during slitting ma y adhere.to the 
surface of the film, causing in eoccurrence of dropouts Tin the" resulting magnetic recording material. It is 
desirable therefore to prevent the adhesion of dusts by eliminating the charge built upon the film surface in 
the film-forming and processing steps. It is sometimes necessary to remove the adhering dust by 
charge-eliminating or vacuum sucking means. Thus, in the film-forming and slitting steps, it is preferred to 
perform a cleaning treatment of the film surface (by removal of an electric charge, blowing of clean air, or 
the sucking of the air from the film surface)' in addition to using a clean room. 

The manufacturing atmosphere can be maintained at class 10,000, preferably class 100, on the clean 
room scale by removing dust or fine particles from the air by a high-performance filter, and controlling the 
temperature and air current distributions. In order to prevent adhesion of dust while eliminating an electric 
charge from the film, the film may be subjected to an ordinary charge-eliminating procedure, for example, 
by blowing of ionized air. To remove the adhering dust, there may be used (a) a method comprising 
removing the dust adhering to the film surface by a suction blower while eliminating a static charge, or (b) a 
method comprising applying a high-speed air to one surface of the film and vacuum suction to the other 
while eliminating an electric charge. According to the method (b), the air ionized by ultrasonic waves is 
applied to the surface of the film to destroy an unstable air layer on the film surface and separate the 
adhering fine particles completely from the air film or from a zone to which the dust is adhering by 
moisture, and the separated fine particles are sucked by a vacuum chamber located nearby. Needless to 
say, theair to be blown must be rated as class 10,000 or 100 on the clean room scale. 

The following examples illustrate the present invention specifically. It should be understood that the 
invention is not limited to the specific embodiments shown in these examples. 

Examples 1 "to 4 and Comparative Examples 1 to 3 

In Examples 1 to 4, 100 parts of dimethyl terephthalate and 70 parts of ethylene glycot were subjected 
to an ester-interchange reaction in the presence of 0.023 part (0.020% based on dimethyl terephthalate) of 
zinc acetate as a catalyst at 150 to 240°C for 4 hours while distilling off methanol. 

Each of the stabilizers prepared by the methods shown in Table 1 (glycol solutions of phosphorus 
compounds) was cooled to room temperature, and 0.014 part of the stabilizer calculated as trimethyl 
phosphate was added. As a polycondensation catalyst, 0.04 part of antimony trioxide was added, and a 
predetermined amount (see Table 1; in Examples 1 to 3, the catalyst was not added) of each of inert 
/inorganic compounds having the particle size distributions shown in Table 1 was added. The 
ester-interchange reaction product was thus polycondensed under a high vacuum of not more than 1 
mmHg for 4 hours to give polyethylene terephthalate having an intrinsic viscosity ft], measured at 25°C in 
an o-chiorophenol solution of the polymer, of 0.65. 

In Comparative Examples 1 to 3, the ester-interchange reaction was performed by using 40 millimole 
% of zinc acetate, 20 millimole % of antimony trioxide and 40 millimole % of phosphorous acid, based on 
dimethyl terephthalate, as a catalyst, and a predetermined amount (see Table 1 ; in Comparative Example 1 , 
it was. not added) of eactrof inert inorganic compounds having the particle size distributions indicated in 
Table 1 was added, and the ester-interchange reaction product was polycondensed to give polyethylene 
terephthalate having an ft] of 0.65. 

Each of the polyethylene terephthalates obtained in Examples 1 to 4 and Comparative Examples 1 to 3 
was dried at 160°C, melt-extruded at 290°C, and quenched and solidified on a casting drum held at 40°C to 
give an unst retched film having an thickness of 130 um. 

The unstretched film was successively stretched longitudinally at 90°C and a stretch ratio of 3.5 and 
then transversely at 120°C and a stretch rati of 3.8. One surface ofthe resulting film was coated with a 1% 
by weight aqueous soiuti n of a composition consisting of 45% by weight of modified polysiloxane, 40% 
by weight of aminosilane, 5% by weight of MoS 2 and 1 0% by weight of a surface-active agent and heat-set 
at 205°C for 10 seconds to give a film having a thickness of 10 um and containing a lubricant layer. 

The resulting films had good slippability and could be wound up in good condition without blocking. 
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On the uncoated surface of the resulting film. (1) an Mo-permailoy layer having a low coercive force 
was formed, and then (2), a perpendicularly magnetized layer of Co-Cr was formed on the permalloy layer 
by the following procedures. 

5 (1 1 Mo-permalloy layer having a low coercive force . . 

Using an Mo-permailoy target (Ni 78%. Fe 18% and Mo 4%) having a th.ckness o mm, a film havmg 
a thickneis of 0.3 Jm was prepared at a deposition speed of 50 nm/min. in Ar (99 99%) under 1.33 Pa by a 
DC magnetron sputtering technique. The resulting film had an in-plane coercive force of about 2 oersteds. 
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(2) Co-Cr vertical perpendicularly magnetized film layer /••„*, 
A Co-Cr alloy film having a thickness of 1.0 urn was formed at a depos.t.on speed of 50 nm/m.n . ,n Ar 
(99 09%) under 1.33 Pa by a DC magnetron sputtering technique usmg a Cc—Cr aMoy target (Cr 17 A by 
weinht) having a thickness of 4 mm. The dispersion angle (Ae M : the half-value width of the rocking curve 
o theC axis of a hexagonal most closely packed crystal lattice determined from the X-ray rock. ng curve or 
the resulting perpendicularly magnetized film was 5 to 6". The film had.a coercive force .n the Perpeno^lar 
SVrton d!t5inined from the magnetic B-H curve, of 610 to 660 oersteds and an m-p.ane coerctv. force of 
200 to 250 oersteds. The saturation magnetization was about 450 emu/cc. nar „. nf ii P11 |. r iv 
The resulting recording media having a layer with a low coerc.ve rorce and a perpendicularly 
m3anetiz°d laver were substantially free from curling. . 

9 Each of hTmagnetic recording media obtained was slit to a width of 0,64 cm to rorm a tape The ape 
was subjected to recording and playback at a speed of 9.5 cm/sec. using a r.ng head having a gap length of 
0 3 urn and f H ^ electromagnetic convening characteristics (digital recording dens.ty characteristics) were 
evaded Soecif cX The^lgh-densitY recording characteristics, especially the noise level, or the tap were 
e"va uated by^ su "ng the f/N ra«io (dB) during recording and playback of 10KBPI and the decrease .ratio 
wl) of the output during recording and playback of 50 KBPI based on the output during recordmg and 

PlaV Tn C e k re°s f ults show that while the decrease ratio of the playback output was large and the noise level was 
hJtoU^pZrito**™*" 1 to 3, the magnetic recording media o the mvent.on obtained .n 
Examples 1 to 4 had a high S/N ratio (dB) and a much better no.se level. 
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Examples 5 to 8 and Comparative Examples 4 to 6 _ .... 

In Examples 5 to 8, the same oriented polyethylene terephthalate films as in examples 1 to 4 were used 
as a support, and in Comparative Examples 4 to 6, the same oriented films as in Comparative Examples 1 to 
3 were used as a support. . . ■ 

Using an electron beam heat evaporating device, a magnet.c recording layer was .ormed on each ot 
the film supports by depositing a Cr layer having a thickness of 0.1 um on the film at-a depositing speed of 
20 nm/min under a vacuum of 1.33x10"* Pa, and obliquely depositing a vapor of Co-Cr aHoy Cr 10% by 
weight) on the Cr layer at a speed of 8 nm/min. at an angle of 70° to the perpendicular to the film surface. 
The resulting Co-Cr magnetic layer had a saturation magnetization of about 700 emu/cc, a coercive force in 
the machine direction of 600 to 650 oersteds and a squareness ratio or accut 0.95. 

The film having the recording layer so formed was slit to a width of 1.27 cm and *s frequency 
characteristics and noise level were measured by using a commercial rotary heed-type VTR .dev.ee. 
Recording and playback were carried out while maintaining the gap length of the magnetic nead at 0.3 um. 
the relative speed of the tape and the head at 3 m/sec. . ^ . ■ ,_,oi ; 

As standards of evaluation, the S/N (dB) with a recording signal of 1 MHz and the decrease ratio (dB) or 
the playback output at 5 MHz (recording wavelength 0.6 um> based on the playback output at 1MHz were 
measured. The results are shown in Table 2. 
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Example 


Comparative Ex 


ample j 


5 


6- 
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4 
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'6 


S/N (dB) (1 MHz) 


65 • 


70 


68 


65 


• 52 


53 


38 


SO MHz) 

(dB) 

. S(5 MHz) 


' 5 


3 


4 • 


5 
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10 


14 



The results show that while in-Comparative Examples 4 to 6. the decrease ratio of the playback output 
was large and the noise level was inferior, the magnetic recording media of the invention obtained .n 
Examples 5 to 8 had a high S/N (dB) ratio and a much better no.se level. 

^oftiS-' parts SS»J5^ andSo parts of ethylene glycol were 
ester-imerchange reaction in the presence of 0.023 part (0.020 mole% of the dimethyl terephthalate) of zinc 
acetate as a catalvst at 150 to 240»C for 4 hours while distilling off methanol. 

S^Vth^abJiis (glycol solutions of phosphorus compounds) prepared by the methods shown .n 
Table 3 was cooled to room temperature, and added in an amount of 0.014 part calculated as trimethy. 
pSosphate. As a polycondensation catalyst. 0.04 part of antimony tr.ox.de was f^ed. and 
^interchange reaction product was polycondensed for4 hours under a high vacuum of less than 133 Pa 
ffmn^Hg) to g"?e polyethylene terephthalate. The resulting polyethylene terephthalate *hipaj£™ dried at 
17 J?for 3 hours, and melt-extruded under the conditions shown in Table 3 to give an unstretch d film 

^'Thefilm^treWhS aS-C and a stretch ratio of 3.6 in the longitudinal direction, then stretched at 
^WC^SlS^ta^ transverse direction, and heat-set at 210-C for 10 seconds ta give an 
oriented polyene terephthalate film having a thickness of 10 um. The surface properties of the 

re5U fi. border of the film, one surface of the resulting fi.rr ^ J-J^J 

a 2% b^ht aqueous solution of a composition consisting of 45 parts of •y^^' fl fl ^r;^"™ 
ofTminosirarm, 5 parts of MoS, and 10 parts of a surface-ective agent, and then the waa heat set 

AH Mc-oerrnalloy layer having a low coercive force was formed on the U ncoated wrf«c«<rf film. 
'wdToS pTrpendllXly magnetized film layer was formed on the permalloy layer, by the same 
methods as in Examples 1 to 4- and Comparative Examples. 1 to. 3. „«,-««Hi«.niariv 

iff riSn? recording media heving the layer with a low coercive force and the perpendicularly 
magnetized layer were substantially free from curling. mannfl tic recording media were 

The electromagnetic converting characteristics of the resulting i magnetic ;« 0 ^ ^ ea s 
measured in the same way as in Examples 1 to 4 and Comparative Examples 1 to 3. and tn 

S ^, l ie T ^ 

terephthalat films prepared in Examples 9 to 11 had a. high S/N (dB) rat. ana a mucn 
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Examples 12 to 14 and Comparative Examples 9 and 10 

A recording layer was formed in the same- way as in Examples 5 to 3 and Comparative Examples 4 to 6 
on the same oriented films as used in Examples 9 to 11 (Examples 12 to 14), or the same oriented films as 
usea in Comparative Examples 7 ana o \CofTipafaiivo cA'arr.y»cs o one iw*. 

Specifically, by using an electron beam heat evaporation device, Cr was deposited to a thickness of 0.1 
■Um on the film at a depositing speed of 20 nm/sec. under a vacuum of 1.33x10" 4 Pa ; and Co,Cr alloy (Cr 
10% by weight) was obliquely deposited on the Cr layer to a thickness of 0.15 um at a depositing speed of 8 
nm/sec. at an angle of 70° to the perpendicular to the film surface. 

The resulting Co-Cr magnetic layer had a saturation magnetization of about 700 emu/cc, a coercive 
force in the machine direction of 600 to 650 oersteds, and a squareness ratio of about 0.95. 

The film having the recording layer so formed was slit to a wrdth or 1,27 cm, and its frequency 
characteristics and noise level were measured by a commercial rotary head-type VTR device in the same 
way as in Examples 5 to 8 and Comparative Examples 4 to 6. The results are shown in Table 4. 

TABLE 4 
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Example 


Comparative Exampla 






12 


13 


14 
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10 


20 


S/N (dB) (1 MHz) 


65 
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68 


49 


52 


25 


S(1 MHz) 

(dB) 

S(5 MHz) 
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• 3 
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11 
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It is seen from Table 4 that the magnetic recording media prepared by using the oriented polyethylene 
terephthaiate films of this invention (Examples 12 to 14) had a high S/N ratio and a much better no.se level. 
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Examples 15 to 17 and Comparative Examples 11 to 13 

In these examples, a polyethylene terephthaiate film support was produced by laminating a 
providing surface A and a film providing surface B by a co-extrusion method. 

One hundred parts of dimethyl terephthaiate and 70 parts of ethylene glycol were subjected to an 
ester-interchange reaction in the presence of 0.023 part (0.020 mole% based on dimethyl terephthaiate of 
zinc acetate at 1 50 to 240°C for 4 hours while distilling off methanol. Then, a stabilizer (a glycol solution of a 
phosphorus compound) was prepared, cooled to room temperature and added in an amount of 0.014 part 
calculated as trimethyl phosphate. Then, 0.04 part of antimony trioxide was added as a polycondensation 
catalyst, and further, a predetermined amount of each of the inert inorganic compounds having the particle 
size distribution shown in column I of Table 5 was added. The ester-interchange reaction product was thus 
polycondensed for 4 hours under a high vacuum of less than 1 mmHg to give a polyethylene terephthaiate 
composition I having an (nj, measured at 25°C in o-chlorophenol, of 0.65 (a material for a film pr viding 
surface A)» 

Separately, a polyethylene terephthaiate composition II (a material for a film providing surface B) 
having an [nj of 0.65 was prepared by performing the same polycondensation reaction as in the 
preparation of the polyethylene terephthaiate composition I above except that a predetermined amount of 
each of the inert inorganic compounds having the particlesize distributions shown in column II of Table 5 

WaS The d compositions I and II were co-extruded so that the ratio of the thickness of the former to that of the 
latter was 1 :1. Thus, an unstretched film having a thickness of 210 um was prepared. The unstretcned film 
was stretched first in the longitudinal direction at 9(TC and a stretch ratio of 3.5, and then m the transverse 
direction at 100% and a stretch ratio of 4.0. The biaxially stretched film was heat-set at 205 C for 30 seconds 
to produce a film having a thickness of 15 um. '.'■_.•„,, , r«mnarativa 

Before the above heat-setting operation, the surface B of the onented fllm (except Comparauve 
Example 13) was coated with a lubricant solution consisting of 12 kg of a 2% by weight sou* „ o 
aSum acrylate (P-3®, a product, of Asada Chemical K.K.). 5 kg of a 2% , by .weight : why of 
polyethylene glycol having a molecular weight of 19,000 (a product of Nippon 0ila ^t^^Sanov 
of a 2% by w ight solution f p lyethylene glycol diglycidy» ether (Ner .o®, a pr °durt Nagase_ Sangy 
Co , Ltd.) and 1 kg of a 2% by weight solution of polyoxyethylene nonyl phenyl ether. The amo-n, u , ,he 
lubrican applied was about 2.2 g/m l in the wet state (about 0.0126 g/m as solidsK uojnaood 

The sllppability of the resulting film was good and no blocking occurred. It could be wound up in good 

"""ST sam way as in Examples 1 to 4 and Comparative Example, 1 ^ m ^f^^^ 
a low coercive force and a. Co-Cr perpendicularly magnetized layer were form d n the surface A or 
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resulting film. The resulting recording medium having the layer with a low coercive force and the 
perpendicularly magnetized layer was substantially free from curling. 

The Drooerties of the resulting magnetic recording media were measured in_the same way as in 
Examples 1 to 4 and Comparative Examples 1 to 3. Tne results are snown in laoie a. 
5 It is seen from the results shown in Table 5 that the magnetic recording media obtained in Examples 1 5 
to 17 had a high S/N ratio ,(d8) and a much better noise level. 
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Example 18 

[Run^ ^ ^ Hin-orhvl raronbthaiate and 70 oarts of ethvlene glycol were subjected to an 

esteHnWrcha>ige reaction in the* presence of 0.023 part of zinc acetate as a catalyst at 150 to 240«C while 

distilling off methanol. , ■ , . 4 * A ~ 0 r+e e 

Trimethyl phosphate (25 parts) and 75 parts of ethylene glycol were reacted under reflux at 140 C for 5 
hours in a closed system. The product was cooled to room temperature, and added to ^ esteMnterchange 
reaction product in an amount of 0.014 part calculated as trimethyl phospnate, and then 0.04 parts of 
antimony trioxide was added as a polymerization catalyst. The ester-interchange reaction product was thus 
SyTondensed for 4 hours under a high vacuum of less than 1 mmHg to give po.yethylene terephthalate 

ChiP The polyethylene terephthalate chips were dried at 170'C for 3 hours, and then melt-extruded by an 
extruderw th a residence time of 7 minutes to form an unstretched film having a thickness of 140 urn 

The ^stretched film was stretched longitudinally at 90'C and a stretch ratio of 3 : S. then transverse y at 
100-C and a stretch ratio of 3.9, and heat-set at 210'C for 10 seconds to give an onented polyethylene 

^^^1.^^^^!!^. its one side was coated with a 2% by weight acueous 
^'J;™^££*Z of 45 parts by weight of epoxy-modified si.ane. 40 parts by weight or 
amSane 5 pa' s by weight of MoS, and 10 parts by weight of a surface-active agent. The film was then 

SHt Ve fHrnformal^n Z £ng wer^ie^ Itin an atmosphere rated as Cass 10.000 on the dean 
room scale. 

[RUn The same procedure as in Run A was carried out except that the film formation and slitting were 
performed in an atmosphere rated as class 100 on the clean room scale. 

[ * U \hl film formation and slitting were carried out in an atmosphere rated as class 10,000 on the clean 
room scale as in Run A. In this Run, in a first wind-up step in the film formation and .a second wind-up step 
in th. fHm slittino static charges were eliminated by blowing ion.zed a.r against the f.lm, and 
LuluneSi.^ *?d « adhering to the film was removed by impinging air ionized by ultrasomc waves 
agTnst the fl surface while blowing high-speed air and performing vacuum suckmg. 

35 ^"Aslit film was produced in the same way as in Run C except that the atmosphere in the film formation 
and slitting was changed to that rated as class 100 on the clean room scale. 

(RU A slit film was produced in the same way as in Run A except that no measure was ukM , aga ^* static 
charge buillup and dust adhesion, and the film formation and slitting were earned out m an atmosph re 

^"o^^aro/rsrrnrobredTn^hri^e Runs A to . Co-Ni al.oy <NJ 18%, -obKo. .y 
deposited to a thickness of 0.10 urn at a depositing speed of 8 nm/sec. at an angle of 70 to the 
Se^endicular to *« sZc* of the film under a vaccum of 1.33x10- Pa by us.ng an electron beam heat 

eVa ^ n uK C So-Ni .ayer had a saturation magnetization of about 700 emu/cc a coercive force in the 

and rev j i a ivs^ 

output at 1 MHz to that at 4.6 MHz (central recording wavelength 0.8 urn) were determ.ned. The 

^^jnumDe* of dropouts per minute at 15 uS-20 dB and 40 uS-20 dB are a.so shown i in Tab! S^Th 
number o7dro P outs per minute was determined from the recording area per m.nute (=v,deo track w.dth 
tape-running spe d»4 mmx14.3 mm/sec.x60S). 
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It is seen from Table 6 that the magnetic tapes produced by using the polyester film's produced in an 
atmosphere having a much reduced dust content had a high S/N ratio, and much improved noise levels and 
dropout numbers. * 

Claims 

1. A magnetic recording medium composed of an oriented film of polyethylene terephthalate 
KomopQlymer or polyethylene terephthalate copolymers composed of at least 85% of ethylene 
terephthalate recurring units and the remainder being units derived from another acid or glycol 
component, said film being a support layer and a thin magnetic metallic layer present on one surface (A) of 
the support layer and optionally. a lubricant layer present on the other surface (B) of the support layer, 

characterized in that 

(1) the surface A has a center-line average (CLA) of not more than 0.005 um, 

(2) the surface A has a peak-to-vailey (PV) value of not more than 0.06 urn, 

(3) the number of protrusions having a height of 0.27 to 0.54 um on the surface A is 0 to 0.2 per mm 2 , 

and 

(4) the surface A is free from protrusions having a height larger than 0.54 um. 

2. The magnetic recording medium of claim 1 wherein the surface A has a center-line average {CIA) of 
not more than 0.004 um. 

3. The magnetic recording medium of claim 1 wherein the surface A is free from protrusions having a 
height larger than 0.27 um. ... 

4. Method for producing a magnetic recording medium of claim 1, characterized in that the oriented 
polyethylene terephthalate film as the support layer is produced by subjecting a lower a Iky I ester of a 
dicarboxylic acid comprising terephthalic acid as a main component and a glycol comprising ethylen 
glycol as a main component to an ester-interchange reaction in the presence of, as a catalyst, a c mp und 
of at least one metal selected from Mn, Zn, Ca and Mg using a glycol solution of a trialkyl phosphate as a 
stabilizer, polycondensing the ester-interchange reaction product, extruding the resultant polyethylene 
terephthalate, stretching the resulting film, and heat-setting the stretched film and that a thin magnetic 
metallic layer is formed on one surface of the support layer. 

5. Method of claim 4 wherein the thin magnetic metal layer is formed by vacuum evaporation, 
sputtering, ion ^plating or electroless plating, and has a thickness of 0.02 to .1.5 urn 

Patentanspruch« 

1. Magnetisches Aufzeichnungsmedium, zusammengesetzt aus einem orientierten Rim eines Poly- 
ethylenterephthalat-Homopolymeren oder Polyethylenterephthalat-Copolymeren, welches aus wenigstens 
85% widericehrenden Einheiten an Ethytenterephtalat zusammengesetzt ist und der Rest Einheiten sma, 
welche.sich vori- einer anderen SSure- Oder Glykolkbmponente ableiten, w bei der genannte ™/" ; Q » n 
Trag rschicht ist und" sich ein dQnn magnetische metallische Schicht auf der Ooerflacn ja> aer 
Trigerschicht und gegeb nenfalls ein Schmiermittel-Schicht auf der ander n Oberflacne IB] 
TrSgerschicht befindet 

dadurch gekennzeichnet dad. 

1 ) die Oberflache (A) einen Mittenrauhwert (CLA) von nicht mehr als 0,005 urn hat, 
i) di Oberflache (A) einen Gipfel-Tal-Wert .(PV) von nicht mehr als 0,06 um .hat. 



der 



16 



JO 



ts 



20 



0 061 769 

3. ) die Zahl der Vorsprunge mit einer Hohe von 0.27—0,54 urn auf der Oberflache (A) 0— 0,2/mm 2 ist 

und 

4. ) die Oberflache (A) frei von Vorsorungen mit einer Hohe von groGer als 0,54 urn ist. 

2. Magnetisches Aufzeichnungsmedium gemaii Ansprucn 1, wooei die Oberflache (A) einen 
Mittenrauhwert (CLA) von nicht mehr als 0,004 urn besitzt. 

3. Magnetisches Aufzeichnungsmedium gemaft Ansprucn 1, wobei die Oberflache (A) frei von 
Vorsprungen mit einer Hohe von mehr als. 0,27 urn ist.. 

4. Verfahren zur Hersteilung eines magnetischen Aufzeichnungsmediums gemaiJ Ansprucn 1 
gekennzeichnet dadurch, daS als Tragerschicht der orientierte PolYethyienterephtalatfilm dadurch 
hergestellt wird, daS man einen Niederalkylester einer Dicarbonsaure, umfassend Terephtalsaure als 
Hauptkomponente und ein Glykol, umfassend Ethylenglykol als Hauptkomponente, einer Umesterungs- 
reaktion unterwirft, in Gegenwart einer als Kataiysator eingesetzten Verbindung von wentgstens etnem- 
Metal!; ausgewahlt von Mn, Zn, Ca und Mg, wobei eine Giykollosung eines Trialkylphosphats ais 
Stabili'sator verwendet wird, das Umesterungsprodukt polykondensiert, das erhaltene Polyethylenters- 
phtaiat extrudiert, der erhaltene Film gestreckt und der gestreckte Film thermofixiert wird und daG e^.e 
dunne magnetische metallische Schicht auf der einen Oberflache der Tragerschicht gebildet wird. 

5 Verfahren gemafi Ansprucn 4, wobei die dunne magnetische metallische .Schicht -duf en Verdampten 
im Vakuum, Kathodenzerstaubung, Galvanisierung Oder nichteiektrisches Beschichten gebildet w.rd und 
eine Dicke von 0,01—1,5 u.m besitzt. ■ 



Revendications 

T Moyen d'enregistrement magnetique compose d'une peilicule orientee d'homopolymeres de 
terephtalate de polyethylene ou de copolymers de terephtalate de polyethylene, compose d^u ;noins 
85% de motifs recurrents de terephtalate d'ethylene. le reste etant compose de motifs derives d'un autre 
comoosant acide ou glycol, iadite peilicule etant une couche support et une couche magnetique metalhque 
mince presente sur une surface (A) de la couche support et eventuertement une couche lubrifiante presente 
sur I'autre face (B) de la couche support, 

caracte>ise en ce que * , « rt nriC ^ 

(11 la surface (A) presente une rugosite moyenne arithmetique (CLA) non superieure a 0,005 urn, 

(2) la surface (A) presente une- hauteur d'asperite ou de rugosite de surface (PV) maximale non 

superieure a 0,06 um, 2. 

(3) le nombre de saillies ayant une hauteur de 0,27 a 0.54 um sur la surface (A) est de 0 a 0,2 par mm , et 

(4) la surface (A) est exempte de saillies d'une hauteur superieure a 0,54 um. 

2. Moyen d'enregistrement magnetique selon la revendication 1, dans lequel la surface (A) presente. 
une rugosite moyenne arithmetique (CLA) non superieure a 0,004 um. . 

3. Moyen d'enregistrement magnetique selon la revendication 1, dans lequel la surface (A) est exempte 
de saillies ayant une hauteur superieure a 0,27 um 

4 Procede* pour la fabrication d'un moyen d'enregistrement magnetique selon la revendication 1, 
caractSrise- en ce que la pellicula de terephtalate de polyethylene orientee en tant que couche support est 
produite en soumettant un ester alcoyle inferieur d'un acide dicarboxylique comprenant de I acide 
terephtalique en- tant que composant principal et un glycol comprenant de ('ethylene-glycol en tant que 
composant principal, a une reaction exchange par fester en presence, en tant que catalyseur d un 
compose d'au moins un m6tal choisi parmi Mn, Zn, Ca et Mg, en utilisant une solution de glycol d un 
phosphate trialcoyle en tant que stabilisateur, en polycondensant le produit reactionnel d 6cnang par 
I'ester, en extrudant le tMphtilate de polyethylene resultant, en etirant la peilicule muUant et en 
thermofixant la peilicule 6tir6e, et en ce qu'une couche magnetique metalhque mmce est formee sur une 

surface de la couche support . -l . M<IMt <.-i tt naf 

5. Procidd selon la revendication 4, dans lequel la couche magnetique metalhque mince est formee par 
s0 evaporation sous vide, pulverisation, placage ionique ou placage autocatalytique et presente une epaisseur 
de 0,02 a 1,5 u.m. 
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